Abstract-Thickness dependence for uniaxial magnetic anisotropy energy Ku and the SiN under-layer sputteretching effect on GdTbFeCo thin fIlms were measured using FMR. The uniaxial magnetic anisotropy decreased with decreasing GdTbFeCo layer thickness. Under-layer sputter-etching leveled the SiN surface and increased the uniaxial magnetic anisotropy for GdTbFeCo fIlm.
INTRODUCTION
It has been recently reported that the Kerr loop squareness is improved by SiN under-layer sputteretching in Co/pt multi1ayers [l] . Similar phenomena are found in TbFeCo thin fIlms [2] [3] . For exchange coupled fIlms, SiN under-layer sputter-etching affects the interface wall energy [4] . Furthermore, the coercive force, for TbFeCo thin fIlms, increases with increasing SiN under-layer surface roughness [5] .
This paper reports the thickness dependence of the magnetic anisotropy constant and the SiN underlayer sputter-etching effect for GdTbFeCo fIlms, using ferromagnetic resonance(FMR) at· the X-band. Figure 1 shows the layer structure. Samples consist of a SiN protective layer, a GdTbFeCo magnetic layer, a SiN under-layer and a glass substrate(Coming 0211). SiN layers and GdTbFeCo layer were prepared by RF reactive magnetron sputtering from a Si target and DC magnetron Cosputtering from Gd90TblO and Fe 84 Co 16 alloy targets, respectively, using an in-line sputtering system. Sputter-etching for the SiN under-layer was carried out from 0 to 30 minutes (OA to 80A in thickness) before the GdTbFeCo layer deposition.The base pressure for the system is less then 3x10- 5 Pascal. Sputtering gas pressure values for SiN sputtering and sputter-etching were at 2.0xlO-1 and 1.0x10-1 Pascal, respectively. The SiN under-layer and the SiN protective layer were 800A thick and the GdTbFeCo magnetic layer thickness varied from 50A to 800A.
EXPERIMENT
GdTb and FeCo deposition rates were 60 Nmin and 100 A/min, respectively. GdTbFeCo fIlms were transition metal dominant and the typically coercive force(H c ) was 2500e at room temperature.
Ferromagnetic resonance (FMR) at the X-band ) for Sand NS samples, whose thicknesses were 100A and 800A. For 100A thick samples, the Kerr loop squareness was apparently improved by SiN under-layer sputter-etching. No difference was observed between film side loops and substrate loops. The shape anisotropy energy 21tMs2 for 100A thick samples was 5.6x10 5 (erg/cc). The ~ value was increased, from 5.0xI05 to 7.6xl0 5 (erg/cc) by SiN under-layer sputter-etching. Consequently, the Kerr loop squareness was drastically changed because the axis of easy. magnetization was changed from inplane to normal plane. In 800A thick samples, the two Kerr loop squareness were just alike, because the ~ value for 8001\ thickness NS-samples was already larger than its 21tMs2. FMR signals, for 400A and 800A thick samples, could not be measured at room temperature because their effective anisotropy field Hk-4nMs values were too large. Figure 5 shows perpendicular FMR signals for 100A and 800A thick samples at 160°C. Only one signal was observed for less than 200A thick samples. However, two signals(.l-signal and II-signal) were observed for 400A and 800A thick samples. In FMR signals for 800A thick samples, the Hk-41tMs value, which was determined by -i-signal angle dependence, was plus and the H k41tM. value, which was determined by ff-signal angle dependence, was minus. For the ..i-signal, Hk-41tM. increased with sputter-etching for the SiN underlayer. The Ku value at room temperature, which was extrapolated from the Hk-41tM. temperature dependence, was IxI06(erg/cc). It was greater than the values for less than 200A thick samples. For the ff-signal, f{-41tM. for the NS sample was nearly the same as that for the S sample at I60°C. The Ku value at room temperature, which was extrapolated from the Hk -41tM. tempe.(ature dependence, was about 6xI0\erg/cc). This value was quite similar to that for IOOA thick samples.
The authors tried to analyze FMR spectra for 800A thick samples at I60°C, as spectra for surface spin-wave modes [6] [7J. In perpendicular resonance, the resonance equation is as follows. Figure 8 shows Ku sputter-etching time dependence for 100A thickness films. The Ku value, at room temperature, was increased with sputteretching time increasing up to 15 minutes and was a constant value at over 15 minutes. The SiN underlayer sputter-etched ratio was 2.6 A/min. Roughness is smoothed as increasing sputter-etching times. It seems that the Ku enhancement was caused by the SiN under-layer surface smooth. It was noted that for 100A thick samples, the 40A rms roughness for asgrown SiN under-layer surface corresponds to 40 percent of the GdTbFeCo layer thickness. It was reported that the Ku origin is closely related to atomic short range ordering of fine crystalline clusters inherited the fIlm growth [8] . It was considered that the GdTbFeCo layer microstructure(fine crystalline clusters) was changed by SiN under-layer sputter-etching, which caused the uniaxial magnetic anisotropy enhancement.
CONCLUSION
Thickness dependence for uniaxial magnetic anisotropy and the SiN under-layer sputter-etching effect on GdTbFeCo thin films were measured using FMR. Uniaxial magnetic anisotropy decreased with decreasing fIlm thickness. The SiN under-layer sputter-etching leveled its surface and increased the uniaxial magnetic anisotropy. It seemed that uniaxial magnetic anisotropy enhancement was caused by the micro-structure change in the initial film growth .
